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FLUID DYNAMIC BEARING MECHANISM 

BACKGROUND OF THE INVENTION 

Field Of The Invention 

[0001] The present invention relates to fluid dynamic bearing demonstrating 

bearing functionality especially for forces in both the radial and axial directions. 
More particularly, the invention relates to a fluid dynamic bearing that reduces shaft 
torque loss while maintaining bearing rigidity. 
Description of Related Art 

[0002] The trend in recent years is towards greater-capacity, smaller-sized 

office automation equipment such as computers, etc., which use spindle motors in 
drive mechanisms for peripheral devices such as hard disk drives, etc. Therefore, 
spindle motors that demonstrate reliability in terms of motor positioning accuracy 
(NRRO (asynchronous vibration)), noise, acoustic lifespan, and rigidity, etc, are in 
great demand. 

[0003] In previous years, bearing devices formed by combining multiple ball 

bearings were commonly used in spindle motors. However, recently, the demand 

for increased recording capacity, improved shock resistance, low noise, high-speed 

data access, etc., in devices such as hard disk drives has become greater than ever. 

Improvements are being made in these spindle motor ball bearings in order to meet 

these demands. By improvements in the constituent materials of the ball bearings 

and in the processing accuracy of inner and outer wheels and revolving mechanisms, 

a level of improvement has been achieved in rotation accuracy. These 

improvements alone are not sufficient. The limitations inherent in revolving 

bearings have become recognized, and in order to deal with these, fluid dynamic 

bearings are being employed more and more. 
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[0004] A spindle motor equipped with a fluid dynamic bearing is portrayed 

in Figure 7. This spindle motor 00 has a base 02, and a rotor hub 03 that rotates 
relative to base 02. A fluid dynamic bearing mechanism 01 is located in the gap 
between the base 02 and the rotor hub 03. 

[0005] A sleeve 010 of the fluid dynamic bearing mechanism 01 is inserted 

and affixed to an inner surface of the cylindrical wall 07 of the central portion of 
base 02, and a rotating shaft 030, suspended from the rotor hub 03, is fit into the 
sleeve 010. Lubricating oil is filled in the very small gap between the sleeve 010 
and rotating shaft 030. When the rotating shaft 030 rotates, dynamic pressure is 
generated in the oil through the workings of dynamic pressure grooves 051, 
052(e.g., Herringbone grooves) formed on the inner surface of sleeve 010. The 
dynamic pressure allows the rotating shaft 030 to be supported along the radial axis 
while still being free to rotate without coming in contact with the inner surface of 
sleeve 010. The dynamic pressure grooves 051, 052 are formed at two points, the 
top and bottom of the inner surface of sleeve 010. These dynamic pressure grooves 
are alternatively, on occasion, formed on the outer circumferential surface of the 
rotating shaft 030. 

[0006] While not depicted in detail, dynamic pressure grooves (e.g. 

Herringbone grooves) are also formed on both the lower end of sleeve 010 and a top 

surface of a counter plate 020, which face the lower end surface and upper end 

surface, respectively, of the thrust ring 060 that is fit onto the bottom end of rotating 

shaft 030. The minute gaps between opposing surfaces where dynamic pressure 

grooves exist are filled with lubricating oil. Dynamic pressure is generated in the oil 

through the workings of the dynamic pressure grooves when the rotating shaft 030 

rotates. This pressure allows the thrust ring 060 to be supported along the axial 
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direction while still being free to rotate without coming in contact with either the top 
surface of counter plate 20 or the bottom end of sleeve 010. These dynamic pressure 
grooves in some cases may be formed on the bottom end and top end of thrust ring 
060. 

[0007] Accordingly, the base 02 supports the rotation of rotating shaft 030 

through the fluid dynamic bearing mechanism 01. Other than that, the structure, 
etc., of the motor part that consists of a stator 05, a permanent magnet 06, etc., does 
not differ fundamentally from past spindle motors that utilize multiple ball bearing 
devices. 

[0008] In the conventional fluid dynamic bearing mechanism 01 , the rotating 

shaft 030 has the same diameter across its full length, and the sleeve 010 has a 
cylindrical hole with the same diameter across its full length. Such construction 
provides relatively low bearing rigidity in the lower section of the bearing in 
comparison to the upper section of the bearing and the shaft torque loss becomes 
greater and power is wastefully consumed. It is desirable for the fluid dynamic 
bearing mechanism to have high bearing rigidity when supporting the rotor hub 03. 
The rotating shaft as well as the cylindrical hole in the sleeve are stepped in some 
prior art bearings. (See Unexamined Patent Application Publication No. H6- 
159355, Unexamined Patent Application Publication No. H6-1 73943, Unexamined 
Patent Application Publication No. HI 0-28 1150). However, these publications fail 
to recognize the implication of a stepped shaft for bearing rigidity and shaft torque 
loss in relation to the bearing load. 

[0009] In the conventional fluid dynamic bearing mechanism 01, when a 

disk is in place on a disk holding surface 04 of the rotor hub 03, the center of 

balance of the entire rotating section including the rotating shaft 030 is at a point Q 
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located above the center of the rotating shaft 30 on the main axis of the rotating shaft 
30. And weight F of the entire rotating section weighs down as gravity on this point 
Q. When the rotating shaft 030 is maintaining its default vertical position, weight F 
is the thrust directed at point R on the rotating shaft 030. Point R is the lowest point 
on the main axis of the rotating shaft 030. The resultant force T (formed in the 
dynamic pressure generator section created by the small gap formed by the lower 
surface of thrust ring 060 and the upper surface of counter plate 020) acts at Point R. 
The direction of resultant force T is upwards from the direction of point Q and 
opposite to thrust F. Because of this, thrust F and resultant force T cancel out one 
another, and rotating shaft 030 rises above the upper surface of counterplate 020 and 
rotates without any contact with the upper surface. If the rotating shaft 030 loses its 
vertical position, the direction in which weight F of the entire rotating section acts 
creates a moment to knock down the shaft 030, making the rotation of the rotating 
shaft 030 unstable, and degrading the accuracy of rotation. The moment that tries to 
knock down this rotating shaft 030 becomes greater as the distance between point Q 
and point R increases. For that reason, it is best that the position of point R be as 
close as possible to that of point Q. 

[001 0] In the conventional fluid dynamic bearing mechanism 0 1 , because the 

thrust that acts on the rotating shaft 030 is received by the counterplate 020, if the 
finishing accuracy of the counter plate 020 and the accuracy of setting the counter 
plate 020 into the sleeve 010 are not adequate, the main axis of rotating shaft 030 
and that of sleeve 010 will no longer be parallel to each other, making the rotation of 
rotating shaft 030 unstable and degrading the accuracy of rotations. 
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SUMMARY OF THE INVENTION 

[0011] The present invention aims to resolve the problems of the 

conventional fluid dynamic bearing mechanisms and to provide a fluid dynamic 
bearing mechanism (or alternatively a fluid dynamic bearing system), for 
applications such as hard disk drives, that stabilizes the rotation of the rotating shaft 
and further improve the accuracy of rotation, along with decreasing the shaft torque 
loss as much as possible, and cutting down on the consumption of power, while 
using a relatively simple setup to ensure bearing rigidity. 

[0012] The fluid dynamic bearing mechanism of the present invention 

includes a cylindrical bearing case with a cylindrical hole at its center, an end plate 

that seals one end of said bearing case, a shaft that has at least one part inserted into 

and supported by the bearing housing formed by the bearing case and the end plate. 

The cylindrical hole of the bearing case has a large diameter part and a small 

diameter part. The shaft is a stepped shaft having a large diameter part and a small 

diameter part that respectively face the large diameter part and the small diameter 

part of the stepped cylindrical hole. A first dynamic pressure generating groove is 

formed on either the large diameter part of the stepped cylindrical hole or the outer 

circumferential surface of the large diameter part of the stepped shaft. A second 

dynamic pressure generating groove is formed on either the small diameter part of 

the stepped cylindrical hole or the outer circumferential surface of the small 

diameter of the stepped shaft. A third dynamic pressure generating groove is formed 

on an inner surface of the end plate or a bottom surface of the stepped shaft. 

Additionally, dynamic pressure generating groove can also be formed, preferably on 

either a step part, or alternatively, on a tapered part of the stepped cylindrical hole or 

the surface of a step part or a tapered part of the stepped shaft. Small gaps faced by 
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each of the first dynamic pressure generating groove, the second dynamic pressure 

generating groove and the third dynamic pressure generating groove are filled with 

dynamic pressure generating lubricating oil. Another embodiment of the fluid 

dynamic bearing mechanism also includes a thrust ring. The bearing case in this 

embodiment has an expanded diameter part wherein the thrust ring is fitted. A 

dynamic pressure generating groove may also be formed on a step surface of the 

expanded diameter or an upper surface of the thrust ring. Another location for a 

dynamic pressure generating groove can be the upper surface of the endplate or a 

bottom surface of the thrust ring. Another embodiment of the fluid dynamic bearing 

mechanism can also include an annular ring that straddles the stepped shaft and the 

stepped cylindrical hole and prevents the shaft from coming out of the hole. The 

various embodiments of the fluid dynamic bearing mechanism can also include a 

slight local expansion of the diameter of the large diameter part of the cylindrical 

hole at the open end of the bearing case. The expansion of the diameter prevents oil 

leakage from the various dynamic pressure generating grooves. 

[0013] On the side of the bearing case that is blocked by the endplate, a 

small diameter radial dynamic pressure bearing part is formed and on the opposite 

side, which requires a relatively high bearing rigidity due to the linking of load 

elements such as the rotor hub (rotational or fixed) to the end section of the shaft, a 

large diameter radial dynamic pressure bearing part is formed. In the small diameter 

radial dynamic pressure bearing part, the smaller the diameter, the smaller is the 

shaft torque loss and lower is the power consumption. Thus the simple stepped shaft 

provides decreasing shaft torque loss while ensuring the required bearing rigidity. 

Also, by decreasing the friction loss in the small diameter radial dynamic pressure 

bearing part, it is possible to decrease the moment that acts in the direction to push 
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down the shaft, and decrease the moment oscillation of the shaft that is caused by 
this moment. 

[0014] In the embodiments in which an axial or radial-axial dynamic 

pressure bearing part is formed in the area between the large diameter part and the 
small diameter part of the shaft, the position at which the resultant force (the force 
that receives the thrust that acts on the shaft) acts can be brought closer to the 
position of the overall center of balance of the shaft and the load elements supported 
by the shaft. The positioning of the axial or radial-axial dynamic pressure bearing 
part closer towards the center of shaft makes it possible to stabilize the rotation 
(relative rotation) of the rotating shaft and further improves the accuracy of rotation 
by use of a simple setup. Additionally, in another embodiment, two axial dynamic 
pressure bearing parts can be formed. These two axial dynamic bearing pressure 
bearing parts generate forces that balance each other and the thrust acting on the 
shaft, and also operate to consistently push the shaft against the endplate. 
[0015] In some embodiments, an annular ring meant to prevent the shaft 

from falling out is inserted to span across the annular hollow groove formed by the 
cylindrical hole in the bearing case and the annular hollow groove formed by the 
outer circumferential surface of the shaft, so even if the fluid dynamic bearing 
mechanism is exposed to vibrations or shock, there is no risk of the shaft falling out 
of the bearing housing. 

[0016] Further features and advantages will appear more clearly on a reading 

of the detailed description, which is given below by way of example only and with 
reference to the accompanying drawings wherein corresponding reference characters 
on different drawings indicate corresponding parts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Figure 1 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the first embodiment of the present invention. 
[0018] Figure 2 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the second embodiment of the present invention. 
[0019] Figure 3 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the third embodiment of the present invention. 
[0020] Figure 4 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the fourth embodiment of the present invention. 
[0021] Figure 5 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the fifth embodiment of the present invention. 
[0022] Figure 6 is a vertical cross-sectional view of the fluid dynamic 

bearing mechanism that shows the sixth embodiment of the present invention. 
[0023] Figure 7 is a vertical cross-sectional view of the axial rotating spindle 

motor that was used for the fluid dynamic bearing mechanisms in the past. 
DETAILED DESCRIPTION OF THE INVENTION 

[0024] According to the present invention, a large diameter radial dynamic 

pressure bearing part is formed in the small gap facing the first dynamic pressure 

generating groove in the side opposite of the side where the bearing case is sealed by 

the end plate. A small diameter radial dynamic pressure bearing part is formed in the 

small gap facing the second dynamic pressure generating groove in the side where 

the bearing case is sealed by the end plate. A relatively high bearing rigidity is 

desirable on the large diameter side of the shaft due to having load members such as 

a rotor hub having a disk mounted on it connected to the end of the shaft having the 

large diameter. A relatively low bearing rigidity is required on the small diameter 
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side of the shaft on the side where the bearing case is sealed by the end plate. 
Because of this, the diameter on a portion of the shaft is made smaller and thereby 
the friction loss in this small diameter radial dynamic pressure bearing part is 
reduced, which in turn results in the reduction of shaft torque loss. The simple 
stepped structure therefore allows the necessary bearing rigidity while reducing the 
shaft torque loss as much as possible and cutting power consumption. 
[0025] Additionally, because the friction loss in the small diameter radial 

dynamic pressure bearing part can be reduced, the moment acting in the direction 
that the shaft will fall can be reduced, and so the shaft vibration resulting from this 
moment can also be reduced. 

[0026] Additionally, an axial dynamic pressure bearing part is formed in the 

small gap facing the third dynamic pressure generating groove in the place where the 
step part of the stepped cylindrical hole of the bearing case and step part of the 
stepped shaft face each other. In this case, the axial dynamic pressure bearing part is 
positioned towards the center part of the shaft, and the position of the resultant force 
balancing the thrust acting on the shaft is brought closer to the combined overall 
position of the shaft and load members connected to the shaft. Therefore, the 
rotation of the shaft can be stabilized and rotational precision improved by a simple 
structure. 

[0027] The first dynamic pressure generating groove is formed on either the 

large diameter part of the stepped cylindrical hole or the outer circumferential 

surface of the large diameter part of the stepped shaft. The second dynamic pressure 

generating groove is formed on either the small diameter part of the stepped 

cylindrical hole or the outer circumferential surface of the small diameter of the 

stepped shaft. The third dynamic pressure generating groove is formed preferably 
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on either the step part or a tapered part of the stepped cylindrical hole or the surface 
of the step part or a tapered part of the stepped shaft. The small gaps faced by each 
of the first dynamic pressure generating groove, the second dynamic pressure 
generating groove and the third dynamic pressure generating groove are filled with 
dynamic pressure generating lubricating oil. 

[0028] Also, because the axial dynamic pressure bearing part is not formed 

in the small gap between the inner surface of the endplate and the edge of the end of 

the shaft (in other words, the thrust that acts on the shaft is not set up to be received 

by the endplate), there is no risk associated with the finishing accuracy of the 

endplate and the accuracy of setting the endplate into the bearing case that may 

cause the main axis of the shaft and that of the bearing case to not be parallel to each 

other, the rotation of the shaft to become unstable, and the accuracy of the rotation to 

degrade. Also, by coating the upper surface of the endplate through sputtering, etc. 

and increasing the surface hardness, there is no need to increase the kinetic friction 

resistance of the rotating shaft with respect to times of operation and shutdown. 

[0029] Furthermore, in the case where a thrust ring is affixed on one end of 

the shaft, an expanded diameter for receiving the thrust ring that is on the one end of 

the bearing case is formed on the cylindrical hole of the bearing case. A fourth 

dynamic pressure generating groove is formed on either the step part leading from 

said expanded diameter part or the upper surface of the thrust ring that faces the said 

step part. An axial dynamic pressure bearing part can be formed in the small gap 

facing the fourth dynamic pressure generating groove. When there is a need to 

maintain an appropriate gap for both small gaps facing the third dynamic pressure 

generating groove and fourth dynamic pressure generating groove to stabilize the 

rotation of the shaft, the force generated by this axial dynamic pressure bearing part, 
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together with the force generated from either the axial dynamic pressure bearing part 
formed in the small gap facing the third dynamic pressure generating groove or the 
radial/axial dynamic pressure bearing part can be utilized as the force necessary to 
meet that need. 

[0030] Various embodiments of the present invention are described 

hereafter. 

Embodiment 1 

[0031] The first embodiment (Embodiment 1) of the invention in this 

application is described below. 

[0032] Figure 1 shows a vertical cross-sectional view of a fluid bearing 

system 1 of the first embodiment. The fluid bearing system 1 of the first 
embodiment is equipped with a cylindrical bearing case 10 having a cylindrical hole 
11 (1 la, 1 lb) in its center, an end plate 20 that seals one end of the lower part of the 
bearing case 10 and a shaft 30 that has at least one part inserted into and supported 
by the bearing housing formed by bearing case 10 and end plate 20. The cylindrical 
hole 1 1 consists of a large part 1 la and a small part 1 lb. The shaft 30 is connected 
to the rotating load unit not shown in the figure. The shaft 30 may be manufactured 
as an integral part of the rotating load unit. Additionally, in some cases, a fixed unit 
may be attached to the shaft 30 in place of the rotating unit. In this case, the bearing 
case 10 is the rotating side. Furthermore, in this specification, the side where one 
end of the bearing case 10 is sealed by end plate 20 is deemed as the lower part and 
the open side of the bearing housing as the top part. 

[0033] The cylindrical hole 11 of the bearing case 10 is structured as a 

stepped cylindrical hole comprising the large diameter part 11a formed at the top of 

the bearing case 10 and the small diameter part lib formed in a first end in the 

11 



WO 2005/047717 



PCT/US2004/026628 



bottom part of bearing case 10. Furthermore, the shaft 30 is structured as a stepped 
shaft with a large diameter part 31a and a small diameter part 31b that respectively 
face the large diameter part 11a and the small diameter part lib of the stepped 
cylindrical hole 11. In addition, a first dynamic pressure generating groove 51 is 
formed on the large diameter part lia of the stepped cylindrical hole 11, and, 
furthermore, a second dynamic pressure generating groove 52 is formed on the small 
diameter part 1 lb of the stepped cylindrical hole 1 1, and, moreover, a third dynamic 
pressure generating groove 53 is formed on an inner surface 21 of the end plate 20. 
[0034] Although the above dynamic pressure generating grooves 51-53 are 

formed in a herringbone pattern, they are not restricted to this pattern and may be 
formed, for example, in a spiral pattern or a straight-line pattern. Additionally, the 
first dynamic pressure generating groove 51, the second dynamic pressure 
generating groove 52, and the third dynamic pressure generating groove 53 may also 
be respectively formed on the outer circumferential surface of large diameter part 
31a, on the outer circumferential surface of small diameter part 31b, and on the end 
surface (bottom edge) 33 of the stepped shaft 30. In between the large diameter part 
1 la and the small diameter part 1 lb of stepped the cylindrical hole 1 1 is a step part 
11c, which is perpendicular to the surface of the hole 11. In between the large 
diameter part 31a and the small diameter part 31b of the stepped shaft 30 is a step 
part 31c, which is perpendicular to the outer circumferential surfaces of the stepped 
shaft 30. 

[0035] The first dynamic pressure generating groove 51 faces a small gap 

that is formed between the large diameter part 1 la of stepped cylindrical hole 1 1 and 

the outer circumferential surface of the large diameter part 31a of stepped shaft 30, 

and the small gap is filled with dynamic pressure generating lubricating oil. The 
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second dynamic pressure generating groove 52 faces a small gap that is formed 
between the small diameter part lib of stepped cylindrical hole 11 and the small 
diameter part 31b of stepped shaft 30, and the small gap is filled with dynamic 
pressure generating lubricating oil. Furthermore, the third dynamic pressure 
generating grooves 53 faces a small gap that is formed between the inner surface 21 
of endplate 20 and the lower end 33 of shaft 30 and the small gap is filled with 
dynamic pressure generating lubricating oil. 

[0036] Additionally, a circular ring 40, which is for preventing the shaft 30 

from slipping out, is fitted in an annular groove 12 formed on the small diameter 
part Hb of stepped cylindrical hole 10 and an annular groove 32 formed on the outer 
circumferential surface of small diameter part 31b of the stepped shaft 30. The 
circular ring 40 prevents the shaft 30 from slipping out of the bearing housing when 
the dynamic fluid bearing mechanism 1 is subjected to vibration or shock. 
[0037] A small gap is faced by the first dynamic pressure generating groove 

51 and formed between the large diameter part 1 la of the stepped cylindrical hole 1 1 
and the outer circumferential surface of the large diameter part 31a of the stepped 
shaft 30. A portion of the large diameter part 1 la is slightly expanded in diameter to 
make the gap between this expanded portion and the shaft 30 slightly wider than the 
small gap. The wider gap is at the open end of the bearing and forms a widened seal 
part 13. The dynamic pressure generating lubricating oil that is filled into the small 
gap faced by the first dynamic pressure generating groove 51 will not leak out from 
the small gap to the outside because the capillary phenomenon is blocked at the 
widened seal part 13. 

[0038] The shaft 30 is always pushed in the direction of the end plate 20 (the 

lower part in Figure 1) by the gravitational force (dead load) acting on the shaft 30. 
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The gravitational force acting on the load members (rotor hub, disk, etc. not shown 
in the figure) is supported by the shaft 30. The electromagnetic force is generated 
by the electromagnetic drive unit (motor, which is not shown in the figure). The 
gravitational force and the electromagnetic force operate as the force in the axial 
direction (thrust). Even in the case in which the fluid bearing system 1 is used in a 
condition where top and bottom are reversed, in other words, where the shaft 30 is 
positioned at the lower part and end plate 20 at the top part, the shaft 30 will always 
be pushed in the direction of the end plate 20 by said electromagnetic force. 
[0039] The embodiment 1 having a structure as described above can 

accomplish the following functions and effects. 

[0040] When the electromagnetic drive unit (motor, which is not shown in 

the figure 1) installed to rotate the shaft 30 and the bearing case 10 in opposing 

directions is activated and the shaft 30 rotates in the direction opposite to the bearing 

case 10, the actions of the first dynamic pressure generating groove 51 and second 

dynamic pressure generating groove 52 cause the pressure of the lubricating oil in 

the small gaps (first and second radial dynamic pressure bearing parts) faced by each 

of these grooves to increase, and thus causes the shaft 30 to rise out of the stepped 

cylindrical hole 11 of the bearing case 10, i.e., move so as to eliminate any contact 

with the stepped cylindrical hole 1 1 in resting state. In this way, the force in the 

radial direction acting on shaft 30 is received by stepped cylindrical hole 10 and the 

shaft 30 rotates without coming into contact with the stepped cylindrical hole 1 1 . 

[0041] As the small gap (first radial dynamic pressure bearing part) faced by 

the first dynamic pressure groove 51 has a large diameter, it can provide a large 

amount of bearing rigidity and is suitable for providing stable rotational support for 

the load members (rotor hub, etc.) connected to the top end of the shaft 30. On the 
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other hand, because the small gap facing the second dynamic pressure generating 
groove 52 (second radial dynamic pressure bearing part) has a small diameter, it 
cannot provide a large amount of bearing rigidity as compared to the first radial 
dynamic pressure bearing part. However, because the rotational support of the load 
members connected to the top end of the shaft 30 is mainly taken on by the first 
radial dynamic pressure bearing part, it is possible for the second radial dynamic 
pressure bearing part to have a small diameter, and thereby reduce the friction loss 
and the shaft torque loss. Therefore, it is possible through a simple structure to 
secure the necessary bearing rigidity while reducing the shaft torque loss as much as 
possible and reducing power consumption. 

[0042] Additionally, due to the reduction of friction loss in the second radial 

dynamic pressure bearing part, the moment acting in the direction that pushes the 
shaft 30 can be reduced, and thus the moment vibration (the whirl vibration from the 
gyro of the shaft 30) of the shaft 30 caused by this moment is reduced. 
[0043] Additionally, when the shaft 30 rotates in the direction opposite to the 

bearing case 10, the action in the third dynamic pressure generating groove 53 
causes the pressure of the lubricating oil in the small gap (axial dynamic pressure 
bearing part) faced by said groove to increase, and thus causes the shaft 30 to rise 
out of the end plate 20. In this way, the force in the axial direction (thrust), which 
acts on the shaft 30, is received by the inner surface 21 of the end plate 20 and so the 
shaft 30 rotates without coming into contact with the end plate 20. 
Embodiment 2 

[0044] Figure 2 shows a vertical cross-sectional view of a fluid bearing 

system 1 of a second embodiment (Embodiment 2) of the invention of this 
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application and the parts corresponding to Embodiment 1 have been assigned the 
same codes. 

[0045] As shown in Figure 2, when the dynamic fluid bearing mechanism 1 

(alternatively, the fluid bearing system 1) of Embodiment 2 is compared to 
Embodiment 1, the only difference is in the position where the third dynamic 
pressure generating groove 53 is formed. In other words, while in Embodiment 1 
the third dynamic pressure generating groove 53 was formed on the inner surface 21 
of the end plate 20, in Embodiment 2, the third dynamic pressure generating groove 
53 is formed on the step part 1 1c of stepped cylindrical hole 1 1 of bearing case 10. 
In addition, the small gap faced by said third dynamic pressure generating groove 53 
and formed between the step part 1 lc of stepped cylindrical hole 1 1 and the surface 
of the step part 31c of stepped shaft 30, is filled with lubricating oil to form the axial 
dynamic pressure bearing. The third dynamic pressure generating groove 53 can 
alternatively be formed on the surface of the step part 31c of stepped shaft 30. 
[0046] The Embodiment 2 having a structure as described above can 

accomplish the following functions and effects. 

[0047] Currently, when the electromagnetic drive unit (motor, which is not 

shown in the figure 2) is activated and the shaft 30 rotates in the direction opposite 
to the bearing case 10, the workings of the third dynamic pressure generating groove 
53 causes the pressure of the lubricating oil in the small gap (axial dynamic pressure 
bearing part) faced by said groove to increase, thus causing the shaft 30 to rise above 
the step part 11c of bearing case 10. In this way, the force in the axial direction 
(thrust) acting on the shaft 30 is received by the step part 1 lc of the bearing case 10 
and so the shaft 30 rotates without coming into contact with the step part 11c. 
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[0048] Consequently, the axial dynamic pressure bearing part is positioned 

towards the center part of the shaft 30. The position of the resultant force opposing 
the thrust acting on the shaft 30 is brought closer to the combined overall position of 
the shaft 30 and the load members (rotor hub, disk, etc.) supported by the shaft 30, 
and therefore the rotation of the shaft 30 is stabilized and rotational precision 
improved. 

[0049] Additionally, because the axial dynamic pressure bearing part is not 

set up in the small gap between the inner surface 21 of end plate 20 and the end 
surface (the lower end surface in Figure 2) of one end of shaft 30 (in other words, 
the thrust acting on shaft 30 is not fashioned so that it is received by the end plate 
20), the finish precision of end plate 20 or the precision of assembling it onto the 
bearing case 10 will not cause the central axis of the shaft 30 and the central axis of 
bearing case 10 to be made unparallel, the rotation of the shaft 30 to become 
unstable, and the rotation accuracy to deteriorate. Additionally, it is also not 
necessary to coat the upper surface of end plate 20 by sputtering etc. to strengthen 
surface hardness to improve the sliding friction resistance between it and the rotating 
shaft 30 during start up and shut down. 

[0050] Furthermore, with regard to the bearing rigidity, shaft torque loss, 

and moment vibration of the shaft 30, effects equivalent to that of Embodiment 1 
can be achieved. 
Embodiment 3 

[0051] Figure 3 is a diagram showing a vertical cross-sectional view of the 

present invention's third embodiment (Embodiment 3) of a fluid dynamic bearing 
mechanism 1, with the same labels for the parts that correspond with Embodiment 2. 
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[0052] The fluid dynamic bearing mechanism 1 of Embodiment 3 has a 

gradient in the bearing case 10*s step part 1 1c of stepped-cylindrical hole 1 1. A step 
part 31c of stepped-shaft 30 has a tapered structure (designated by label 3 If), such 
that the smaller side is in the direction of endplate 20. The third dynamic pressure 
groove 53 is formed at a tapered part 1 If of the stepped cylindrical hole 11. The 
annular ring 40 is moved on the large-diameter part side of bearing case 10. 
Alternatively, the third dynamic pressure groove 53 can be formed on the external 
surface of the tapered part 31f of stepped-shaft 30. 

[0053] In Embodiment 3, the small gap (which faces the third dynamic 

pressure groove 53) that is formed between the tapered part 1 If and the external 
surface of tapered part 3 If is filled with lubricating oil to form a radial-axial 
dynamic pressure bearing part. This radial-axial dynamic pressure bearing part 
sustains the force (thrust) in the axial direction operating on the shaft 30 and also 
sustains a portion of the force in the radial direction operating on the shaft 30. 
[0054] The Embodiment 3, having a structure as described above, can 

accomplish the following operations and purposes. 

[0055] With the electromagnetic drive unit (motor, which is not shown in the 

diagram) at work, as the shaft 30 rotates with respect to the bearing case 10, through 

the help of the first through third pressure grooves 51, 52 and 53, the small gap parts 

that these grooves face (first and second radial dynamic pressure bearing parts, 

radial/axial dynamic pressure bearing part) will experience a rise in lubricating oil 

pressure, and cause the shaft 30 to surface from the large diameter part 1 la, small 

diameter part 1 lb and the tapered part 1 If of the stepped-cylindrical hole 1 1. The 

force in the radial direction operating on the shaft 30 is sustained by the various 

parts of the stepped cylindrical hole 1 1, and the force in the axial direction (thrust) 
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operating on the shaft 30 is sustained by the tapered part 1 If of the stepped 
cylindrical hole 1 1. In addition, the shaft 30 will rotate without making any contact 
with these parts. 

[0056] In this way, and especially due to the ability of the tapered part 1 1 f of 

stepped-cylindrical hole 1 1 to sustain the force in the radial direction operating on 
the shaft 30, the necessary bearing rigidity can be further guaranteed along with the 
reduction in shaft torque loss and power consumption. 

[0057] Furthermore, because the annular ring 40 is positioned in the bearing 

case 10 on the large diameter part side of the stepped shaft 30, the installment of the 
annular ring 40 is simplified, and the effectiveness of the seal of the lubricating oil is 
heightened. In addition, an effective performance equal to Embodiment 2 regarding 
the bearing rigidity, vibration moment and rotational accuracy of shaft 30, can be 
accomplished. 

[0058] If difficulty is encountered in Embodiment 3 in forming the third 

dynamic pressure generating groove 53 due to the shortness in width of the external 
surface of the tapered part 1 1 f of stepped cylindrical hole 11 or the tapered part 3 1 f 
of stepped shaft 30, in the same way as in Embodiment 1, the third dynamic pressure 
groove 53 may be formed at the inner surface 21 of end plate 20, or the bottom 
surface 33 of stepped shaft 30. 

[0059] The first through third embodiments (Embodiments 1-3) of the 

present invention, which were explained above, are ideal fluid dynamic bearing 

mechanisms for use when electromagnetic force is utilized to press the shaft 30 

continuously against the end plate 20. In the event that this electromagnetic force 

cannot be relied upon in a fluid dynamic bearing mechanism, there is a concern that 

the rotating part will rise and cause an instability in the rotation. Embodiments 4-6 
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are concerned with fluid dynamic bearing mechanisms that are equipped with 
dynamic pressure bearing parts that can make use of force in the axial direction 
instead of this electromagnetic force. 
Embodiment 4 

[0060] Figure 4 shows a fourth embodiment (Embodiment 4) of the present 

invention, and is a vertical cross-sectional view of a fluid dynamic bearing 
mechanism 1 with the same labels for parts that correspond with Embodiment 1 . 
[0061] As illustrated in Figure 4, in the fluid dynamic bearing mechanism 1 

of Embodiment 4, a thrust ring 60 is attached on one side of the shaft 30. The 
stepped cylindrical hole 11 of bearing case 10 has an expanded diameter part 1 Id to 
support the thrust ring 60 on one side of the bearing case 10. A fourth dynamic 
pressure groove 54 is formed on a step part lie that connects to the said expanded 
diameter part 1 Id. The fourth dynamic pressure groove 54 can also be formed on an 
upper surface 61 of thrust ring 60. 

[0062] Moreover, the axial dynamic pressure bearing part is formed in the 

small gap (which the third dynamic pressure groove 53 faces) between the inner 
surface 21 of endplate 20 and a bottom surface 62 of thrust ring 60. Consequently, 
the third dynamic pressure groove 53 in Embodiment 4 can be formed on either the 
inner surface 21 of endplate 20 that faces the bottom surface 62 of thrust ring 60, or 
the bottom surface 62 of thrust ring 60 itself. Furthermore, the annular ring 40 (that 
is used to prevent the shaft 30 from coming off) in Embodiment 1 is removed in 
Embodiment 4. 

[0063] In terms of other issues, Embodiment 4 does not differ very much 

from Embodiment 1 in ways other than those described above, and therefore, 
detailed explanations are omitted. 
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[0064] Because Embodiment 4 is setup as described above, an additional 

axial dynamic pressure bearing part (the second axial dynamic pressure bearing part) 
is formed at the location where the step part 11c and the top surface 61 of thrust ring 
60 face. The force generated by this second axial dynamic pressure bearing part will 
be in the direction that is opposite of the force that is generated by the axial dynamic 
pressure bearing part (first axial dynamic pressure bearing part) that is formed at the 
small gap that the third dynamic pressure axial groove 53 faces. Thus, the force 
generated by the second axial dynamic pressure bearing part will oppose the thrust 
on the shaft and will operate consistently to push the shaft 30 against the endplate 
20. The result is the prevention of the rotating part (in the case of Embodiment 4, 
the shaft 30 and the load supported by the shaft 30) from surfacing, and the small 
gaps that the third dynamic pressure axial groove 53 and the fourth dynamic 
pressure axial groove 54 face respectively are appropriately maintained and the 
rotation of shaft 30 is stabilized. 

[0065] Also, because the thrust ring 60 is supported by the expanded 

diameter part lid of stepped cylindrical hole 11 of bearing case 10, shock and/or 
vibration of the fluid dynamic bearing mechanism 1 will not cause the shaft 30 to 
come out of the bearing housing. Additionally, the same effective performance as 
Embodiment 1 can be achieved. 
Embodiment 5 

[0066] Figure 5 shows a fifth embodiment (Embodiment 5) of the present 

invention, and is a vertical cross-sectional view of a fluid dynamic bearing 

mechanism 1 with the same labels for parts that correspond with Embodiment 4. 

[0067] As illustrated in Figure 5, the fluid dynamic bearing mechanism 1 of 

Embodiment 5 has the thrust ring 60 attached on one side of the shaft 30, and the 
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stepped cylindrical hole 1 1 of bearing case 10 has the expanded diameter part 1 Id to 
support the thrust ring 60 on one side of the bearing case 10. The fourth dynamic 
pressure groove 54 is formed on the step part lie that connects to the expanded 
diameter part 1 Id. The fourth dynamic pressure groove 54 can also be formed on the 
upper surface 61 of thrust ring 60 that is opposite step part lie. In addition, the 
annular ring 40 used to prevent the slipping of the shaft 30, as in Embodiment 2, is 
not used in Embodiment 5. 

[0068] Because Embodiment 5 is set up in the above-noted way, an 

additional axial dynamic pressure bearing part (the second axial dynamic pressure 
bearing part) is formed between the stepped part 1 lc and the top surface 61 of thrust 
ring 60. The first dynamic pressure bearing part is formed between the step part 1 lc 
of stepped cylindrical hole 11 and the step part 31c of stepped shaft 30. In 
comparison to Embodiment 4, the location for the formation of the first dynamic 
pressure bearing part is different, however, it can achieve the same performance as 
Embodiment 4 in preventing the rotating part from surfacing. Also, in the same way 
as Embodiment 4, the shock and/or vibration will not cause the shaft 30 to come out 
of the bearing housing. Furthermore, with the exception of the effect of the annular 
ring 40 in preventing the shaft 30 from coming out, an effect similar to Embodiment 
2 can be accomplished. 
Embodiment 6 

[0069] Figure 6 is the sixth embodiment (Embodiment 6) of the present 

invention, and is a vertical cross-sectional view of a fluid dynamic bearing 

mechanism 1 with the same labels for parts that correspond with Embodiment 5. 

[0070] As illustrated in Figure 6, the fluid dynamic bearing mechanism 1 of 

Embodiment 6 adds to Embodiment 3 a second axial dynamic pressure bearing part, 
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which is equivalent to the second axial dynamic pressure bearing part in 
Embodiment 5, and it also scraps the annular ring of Embodiment 3. In other ways, 
it does not differ from Embodiment 3 and therefore detailed explanations are 
omitted. 

[0071] Because Embodiment 6 is set up in the above-noted way, an 

additional axial dynamic pressure bearing part (the second axial dynamic pressure 
bearing part) is formed between the stepped part 1 lc and the top surface 61 of thrust 
ring 60. In comparison to Embodiment 5, Embodiment 6 differs in that the location 
where the first axial dynamic pressure bearing part or the radial-axial dynamic 
pressure bearing part are formed is at the small gap that is formed between the step 
part 1 lc of stepped cylindrical hole 11, or at the small gap that is formed between 
the tapered portion 1 1 f of stepped cylindrical hole 1 1 and the exterior portion of the 
tapered portion 3 If of stepped shaft 30. However, as in Embodiment 5, it is able to 
accomplish the effect of preventing the rotating parts from surfacing. Also, in the 
same way as in Embodiment 5, shock and/or vibration will not cause the shaft 30 to 
come out of the bearing housing. Furthermore, with the exception of the effect of 
the annular ring 40 in preventing the shaft 30 from coming out, an effect similar to 
Embodiment 3 can be accomplished. 

[0072] While preferred embodiments of the invention have been described, 

various modifications will be apparent to one skilled in the art in light of this 
disclosure and are intended to fall within the scope of the appended claims. 
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